Noise induced hearing loss (NIHL) and tinnitus, often co-existing conditions, are both complex auditory deficits. These issues are being faced on a global scale, in both the military and civilian sectors. We, the guest editors, have assembled a collection of original research manuscripts and reviews that we hope will provide the readers with insights into the demands of military operations and training and the resultant stress and deficits placed on the auditory system. To counter those stresses, the United States military has invested significantly in research projects that, in the long run, will benefit both the military and civilian sectors. The purpose of this special edition is to share the results of military-focused research in context with the broader auditory community.
Of the five human senses (hearing, smell, taste, touch, vision), hearing remains the sentinel sense in that it operates whether one is awake or sleeping. How many times have you awoken during the night because of a strange noise? Or perhaps a smaller number, how many times have you awoken because it was too quiet? An example of this detection function occurs within ships, where ventilation systems provide a background din, the absence of which is frequently an indication of an abnormal ship operation and cause for alarm. A second auditory function is to serve a location function: one hears a "click" sound which cues the vision system to look toward an estimated sector and then proceed with high precision localization to "find" the rifle bolt closing of a sniper. A third auditory function is the identification of the type of sound (or the source of the sound) where the soldier in the example above may be able to identify the rifle type strictly by the sound heard without needing a visual cue. In layman terms, there is a significant acoustic difference between the sound of a city bus and a motor scooter; correct identification is an important distinction when crossing a street in terms of risk. More importantly, Service members communicate with each other primarily using their voice; hearing impairments affect performance in battle fields. Hearing and the subsequent auditory processing are critical for effective human performance, and these four functions of hearing, in particular, are critical for military Service members.
One should consider that in today's modern society, we live in an acoustically rich environment. In the daily pursuit of life, we are subjected to commuting noise (buses, trains, automobiles); electronic devices which provide distractions during transit times with music or podcasts; and the usual chores involving various mechanical devices such as lawnmowers, chainsaws, leaf blowers, garden machinery, and hair dryers. Many of us also find ourselves exposed, or intentionally expose ourselves, to dangerous sound levels of 85e130 dBA (A-weighted sound pressure levels) during our recreational activities like sporting events, both team and motor sports, as well as concerts. Part of the challenge we now face is the perception on how pervasive the noise threat is. There are business sectors that design sports venues to set noise records. A central United States sports arena recently boasted how the new facility set a new record as the loudest arena at 142.2 dBA, beating the previous record of 136.6 dBA. In this string of roareof-thecrowd record attempts, there are many more facility measurements greater than 120 dBA. The effect of this "12th man', or home court advantage is to strategically interfere with the communication of the visiting team, knowing that poor communication disrupts effective team play. These levels rival sound pressures recorded on aircraft carrier flight decks, an environment known to produce hearing loss. Perhaps worse than the immediate danger presented in these cases is the damage done to public perception about the inherent risks associated with noise and the need to take action against those risks.
It is no small wonder that the Center for Disease control (CDC) released a Vital Signs report (http://www.cdc.gov/niosh/topics/ noise/, 2017) which reports that hearing loss is the third most common chronic health condition in the US. Almost twice as many people report hearing loss as diabetes or cancer. Military members are no exception. Military members, upon completing their military service careers, have access to health care through the Department of Veterans Affairs (VA). Tinnitus and hearing loss are the two most prevalent service-connected disabilities of all compensation recipients, according to the Veterans Benefits Administration (2016), increasing every year (Fig. 1 ). While the exact economic cost of auditory system injuries in Veterans in terms of disability and healthcare expenditures is unknown, there are also economic and quality of life losses as individuals retreat into social isolation avoiding the social settings with challenging acoustic settings.
The military has unique challenges not found in industrial settings. Military acoustic environments can range from the quietness of an agrarian setting (30 dBA) to an industrial setting of 90e118 dBA in engine rooms or the roar of a flight deck/line at 150 dBA (see Yankaskas et al. in this issue) . First, many noise levels measured are beyond anything experienced in industrial settings. Second, in these environments, military personnel are in close proximity and for long durations to the noise source, which can approach 24 hours a day, 7 days a week for prolonged periods of time. Third, mission takes priority over issues associated with proper use of personal protection equipment. Necessary signal detection can be limited by some HPDs, and can be overwhelmed by instantaneous damaging noise. This creates a hearing requirement-to-protection paradox. Noise exposure can be acute, chronic or a combination thereof, and the resultant auditory injuries can be instantaneous or progressive. Due to such complexities, the assessment and prevention of auditory injuries in the military has been a challenge to accurately determine.
Summary of papers included in this special issue
Due to the unique and highly complex environments, exposures, injuries, and requirements that US Service members are subject to, the Department of Defense Hearing Center of Excellence (HCE) and Office of Naval Research (ONR)'s Noise Induced Hearing Loss Program collaborated with a group of prominent scientists and distinguished leaders across many disciplines to bring you a 360-degree perspective through the collection of 23 articles that follow. The editors of this issue wish to tell the multi-layered story of military noise and the resultant hearing injuries which plague our Service members and Veterans and degrade their mission effectiveness and quality of life.
Impact of noise in the military (Section I)
The first section in the issue attempts to set the scene for readers who may not be as familiar with military epidemiology, populations, environments, and functional requirements. As such, three epidemiology topics will orient the reader to the scope of hearing injury due to military service. Swan et al. discuss the prevalence of hearing loss and tinnitus specifically in Veterans who returned from combat in the Iraq and Afghanistan conflicts, while Nelson et al. will discuss the resulting disability awards the VA is responsible for when these Service members transition out of military service and into the VA healthcare system (Veterans Health Administration) and receive benefits through the Veteran Benefits Administration. Importantly, Nelson and colleagues conclude that participation in hearing conservation programs is associated with decreased rate of hearing loss disability awards after service, and thus present an evidencebase for consideration of early and sustained hearing prevention efforts. The third epidemiology paper by Gordon et al., presenting early stage results, details the long-term outcomes of military noise exposure through a prospective, 20-year longitudinal study of Service members or recently separated Veterans.
Understanding the cause of these injuries is itself a complex undertaking. Rick Davis provides two short reviews about both longterm noise exposures and impulse noises, two pervasive sound source profiles/threats in military environments which often reach hazardous levels. Typical noise control hierarchy dictates first eliminating, quieting or otherwise controlling noise sources, followed by limiting exposures and protecting against them with the use of personal protective equipment (NIOSH, 2017). Yankaskas et al. discuss some of the successes with and remaining challenges to implementing these strategies in military environments. How to measure noise at all is its own challenge when space measurements do not adequately capture at-ear or in-ear noise exposures, as explored by Smalt et al., in the context of improving predictive models of actual auditory damage risk.
Volume I next explores the impact of hearing degradation on operational performance and the ways in which we can and seek to measure these effects. Keller et al. discuss reduced speech intelligibility in a Navy population, while Manning et al. and Le Prell et al. both offer insights into the demands and challenges of speech recognition in military communications. Finally, lasting difficulties with central processing of sound after blast exposure was explored in a prospective Veteran cohort by Bressler and colleagues, who note the importance of understanding confounding co-morbidities like PTSD in these patients. Attempting to solve remaining mysteries of both peripheral and central auditory issues, Brungart et al. have developed a new Speech Reception in Noise (SPRINT) Test, shortened to 100 words in an attempt to more quickly distinguish "hearing impaired listeners with relatively poor speech intelligibility in noise from those with poor speech perception performance." While the test offers improved time and comparably reliable data, the authors' conclusions point toward still unmet needs for testing fitnessfor-duty for future military standards.
Articles in Volume I should paint the picture of current problems the military faces in terms of scope of injuries, military-unique constraints to the typical hierarchy of noise controls utilized in nonmilitary settings, current measures and the challenges which remain for adequately diagnosing and categorizing the status of Service members so we can best address prevention and treatment strategies, further explored in Volume II.
Biological mechanisms (Section II)
How to prevent NIHL relies on our understanding of the mechanisms of noise injury to both the peripheral and central auditory pathways. In this issue, we start with a review on how our hearing system transmits sounds and how we assess noise damage. Paolis et al. summarize the analytical and numerical modeling of the hearing system from external ear to inner ear organ of Corti, hoping to simulate a variety of pathological conditions that lead to hearing loss.
We then follow with a general review on cellular mechanisms of noise-induced hearing loss by Kurabi et al. who summarize our current knowledge on the peripheral auditory sensory end organ, the cochlea, under various noise stimuli. The authors highlight the intracellular stress pathways leading to apoptotic and necrotic cell death upon noise injury. The molecules in such pathways could serve as potential therapeutic targets for interventions against NIHL.
Recently the topic of "hidden hearing loss" with cochlear synaptopathy has become prominent. This phenomenon depicts the transient damage of suprathreshold noise to the afferent synapses but long-term degeneration of low spontaneous rate fibers that are not easily detectable in normal auditory tests (i.e., ABR and DPOAE). Here we include four papers on this topic. Kujawa and Liberman, who originally discovered such phenomena, describe their perspectives on the phenotypes and mechanisms. So do Kobel et al., who provide their own unique perspective on this topic. Lobarinas et al. further present their findings on correlations between suprathreshold noise-induced synaptopathy and ABR amplitudes as well as transient threshold shift (TTS) in animal models. Finally, Hickox et al. address how to translate parameters discovered in preclinical models to clinical populations with hidden hearing loss, a major challenge for translational therapeutics for hearing loss.
Addressing stymied efforts to develop therapeutics for NIHL, Hammill describes her perspective on FDA drug approval processes and how understanding these intricate processes can benefit drug development for hearing loss. Whitlon further describes her attempt to screen and identify effective drug candidates for spiral ganglia upon noise injury. Finally, Zheng and Zuo describe their perspective on regenerative approaches to hearing loss and drug development, focusing on hair cell regeneration and its similarity to normal hair cell development.
The central auditory pathway plays a critical role in tinnitus (ringing in the ears), a significant outcome of military noise that affects our military Service members and Veterans. Two papers review recent findings on auditory thalamic circuits and other brain regions and their implications in tinnitus. Caspary and Llano summarize the recent advances in inhibitory neurotransmitter systems (i.e, GABA A receptor) in the auditory thalamus, and their relationship to noise-induced tinnitus. Chen et al. describe their findings on salicylate-induced tinnitus and hyperacusis animal models where they discovered enhanced responses in several brain regions (caudal pontine reticular nucleus and cerebellar paraflocculus). These studies provide strong evidence for mechanisms of tinnitus involving neural amplification in central auditory pathway and other brain regions linked to arousal, emotion, and motor control.
Perspectives
In addition to these articles included in this Special Issue, the editors realize that we have not discussed many other important subjects related to noise in the military. Of particular interest is the use of hearing protection devices (HPDs). Despite the shortfalls in correct daily usage of HPDs among military personnel, significant advances have been made recently in developing advanced HPDs. Moreover, genetic predisposition to noise-induced hearing loss has been studied among a subset of Marine Recruits who sustained hearing loss during rifle training compared to others similarly exposed who maintained their hearing. Such populations provide a unique resource to identify genetic factors and therapeutics that might help elucidate roles of oxidative stress and inflammation in NIHL.
The editors hope that this collection of work will illuminate the unique challenges posed to the military operational leadership, the public health and surveillance communities, the DOD and VA healthcare systems, and the Service member and Veterans themselves. There are many remaining knowledge gaps to fill and this collection should highlight the most persistent and important issues to tackle across the various disciplines involved. Professor Jian Zuo St. Jude Children's Research Hospital, USA E-mail address: jian.zuo@stjude.org (J. Zuo).
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